Abstract Nuts have been used globally as health foods. However, because nuts cause allergies, people need to be careful when eating food. Mostly foods are labeled, but sometimes intentional or unintentional mixing might occur. In the present study, we report DNA based on marker for the detection of four nuts almond, peanut, pine nut, and walnut using quantitative real-time polymerase chain reaction (qRT-PCR). Species-specific primer sets for four species were designed based on the single-nucleotide polymorphisms and insertion/deletion of the chloroplast gene, matK. The sensitivity of primer sets for the four species studied was assessed by analyzing DNA dilutions at concentration of 0.001-10 ng and binary mixtures of 0.1-100% of heat-treated and non-heat-treated samples. The four primer sets developed in the present study indicated appropriate amplification efficiency and correlation coefficients of the standard curves. In addition, to verify the applicability of these molecular markers, we performed a qRT-PCR with 14 commercial products and successfully detected the matK genes in several commercial food products that were declared to contain nuts. Thus, markers developed could be useful tools for confirming the presence of the four nut species in commercial products.
Introduction
Because nuts contain abundant essential fatty acids, vegetable protein, and vitamin E, they are well recognized as health foods for a long time. Particularly almond (Prunus dulcis), peanut (Arachis hypogaea), pine nut (Pinus koraiensis), and walnut (Juglans regia) are generally known to contain more than 50% fat and are considered to prevent heart disease, dementia, aging, and cancer [1, 2] . However, because these four species of nuts cause allergies, their potential health benefits do not apply to everyone, and people sensitive to them need to be careful when consuming them. Almonds are known to cause an abnormal immunological response, the intensity of which ranges from mild reactions to fatal anaphylactic shock even when only minimal doses are consumed [3] . Presently, eight groups of allergenic proteins in almonds have been identified and characterized. These are PR-10 (Pru du 1), TLP (Pru du 2), prolamins (Pru du 2S albumin and Pru du 3), profilins (Pru du 4), 60sRP (Pru du 5), and cupin (Pru du 6 and Pru du c-conglutin) [4] . Peanuts are also known to be the most allergenic foods in the world. Peanut-induced anaphylaxis is an IgE-mediated reaction to allergens in peanuts. Currently, eight peanut allergens (Ara h1 to h8) have been identified. Peanut-induced anaphylaxis is estimated to affect 1.5 million people in the USA and cause the death of 50-100 people each year [5] . Pine nuts allergens with IgE-binding properties have been investigated in several studies, but official allergen names have not been registered. Furthermore, it is known that allergic reactions to pine nuts can be stimulated by certain drugs. In fact, a patient with no previous history of allergies, who was diagnosed with hypertension, experienced severe anaphylactic shock after eating food containing pine nuts [6] . In walnuts, allergens are grouped into three protein families, namely the prolamins (Jug r 1, Jug n 1, and Jug r 3), the cupins (Jug r 2, Jug n 2, and Jug r 4), and the profilins (Jug r 5) [7] . Symptoms of an allergic reaction to walnuts appear immediately after consumption and range from mild, such as skin reactions, to severe, such as breathing difficulties. Although some studies estimating the occurrence of nut allergies have been conducted, information on the incidence of specific nut allergies is still very scarce. Additionally, no cure has been found for allergies, and strict avoidance of nuts is the only way to prevent severe symptoms. Food allergies have become a serious health problem in many countries, and they have been selected by the World Health Organization (WHO) as the sixth issue of human health [8] . Since 1990, the number of people suffering from allergic reactions has increased drastically. In the UK, 1.5 million people are affected by allergies and 10-20 people are estimated to die each year owing to allergies [9] . People with allergies can suffer owing to the presence of nuts in their diet. There are serious recognized social and medical problems that can reduce the quality of life. For example, the European Union, the USA, and Canada have regulated labeling of food allergens [8] .
Various assays for the detection of contamination with nut in commercial products have been reported over the last decade. These methods have targeted the allergen itself, compounds, marker proteins, or DNA fragments. Typically, one of the protein-based assays is an enzymelinked immunosorbent assay (ELISA), which quantitatively measures antigens based on the intensity of antigenantibody interactions, with enzyme activity as an indicator [10] . In addition, DNA-based assay is a method of amplifying only a part of target DNA sequences for the detection of food ingredients. In particular, real-time polymerase chain reaction (RT-PCR) is known to be a simple, fast, and accurate method, which is more economical than the other assays. In addition, its application extends to various fields, such as genetic analysis, virus testing, and DNA sequence analysis. Another attractive advantage is that it can be amplified even with a small amount of DNA, which is useful for identifying species in processed foods [11, 12] . For instance, several studies have reported successful identification of nut species, such as almonds [13] , walnuts [14] , cashew nuts [15] , Brazil nuts [8] , and hazelnuts [16] using quantitative real-time polymerase chain. This method has been successfully applied to nuts, in addition to other plant species such as sesame [17] , coffee [18] , celery [19] , rice [20] , and the medicinal herb Cynanchum wilfordii [21] .
Chloroplasts are plant and algal cell organelles, and their function is to conduct photosynthesis. The chloroplast DNA is a single circular molecule, and chloroplast genome size varies among species, ranging from 107 to 218 kb [22] . It is generally believed that chloroplast genome possesses 120-130 genes. Among them, several genes such as matK, ndhF, ycf1, and ccsA evidenced higher frequencies of single-nucleotide polymorphisms and insertion/ deletions (InDels) than the average [22] ; therefore, these genes have been used for species identification. In particular, the sequence of matK encoding the maturase involved in type II intron splicing is often used for phylogenetic and evolutionary studies [23, 24] . In a previous study, we developed species-specific molecular markers using singlenucleotide polymorphisms (SNPs) of matK genes and successfully applied the markers to commercial food [21] . In the present study, we reported the development of molecular markers and optimization of an qRT-PCR system using SYBR green and SNPs of matK genes for species identification of nuts, including almonds, peanuts, pine nuts, and walnuts, which are known as food allergens. Therefore, the applicability of the chloroplast DNA (cpDNA) markers developed was evaluated with 14 commercial food products.
Materials and methods
Sample preparation and total genomic DNA extraction For standard sample preparation, plants of almond, peanut, pine nut, and walnut were purchased from the Korea plant nursery (https://seedling.kr/). The plants were grown in a growth chamber at 25°C with a photoperiod of 16 h:8 h (light/dark) and 70% humidity before DNA extraction. Fourteen commercial products, such as powder, nut bar, and tea, were purchased from local markets ( Table 1) .
Total genomic DNA was extracted from 100 mg of each leaf sample using the i-genomic Plant DNA Extraction Mini Kit (iNtRON Biotechnology, Seongnam, Korea) according to the manufacture's protocol. For DNA extractions from commercial products and de-shelled nuts, a modified cetyltrimethylammonium bromide (CTAB) method (100 mM Tris pH 7.5, 700 mM NaCl, 10 mM EDTA, 1% CTAB, 1% b-mercaptoethanol) was used, according to Valdivia and Burns [25] . One gram of each of the ground samples was mixed with 10 mL of CTAB buffer and 30 lL of proteinase K (20 mg/mL) (Sigma-Aldrich, Saint Louis, MO, USA), followed by incubation at 65°C overnight. The mixtures were centrifuged at 40009g for 10 min. The supernatant was transferred to a 1.5-mL tube and centrifuged again at 14,0009g for 5 min. The supernatant was mixed with a mixture of chloroform/ isoamyl alcohol (24:1) and centrifuged at 16,0009g for 15 min. The supernatant was transferred to a new 1.5-mL tube and added pre-cooled (-20°C) isopropanol. The mixture was incubated at room temperature for 30 min and then centrifuged at 16,0009g for 20 min. The pellet was washed with 70% pre-cooled ethanol and centrifuged at 75009g for 5 min. The ethanol was discarded and the pellet dried at room temperature for 15 min. The dried pellets with high lipid content were further purified using the Wizard Ò DNA Clean-Up System (Promega, Madison, WI, USA) according to the manufacture's protocol. Yield of the extracts were assessed using a Qubit Ò 2.0 Fluorometer (Invitrogen, Life Technologies, Grand Island, NY, USA) and measured the ratio of the absorbance at 260 and 280 nm (A 260/280 ). Their purifies were confirmed using agarose gel electrophoresis with a Molecular Imager Ò Gel DOC TM XR? System (Bio-Rad TM , Hercules, CA, USA), and BioPhotometer Plus UV/Vis Photometer (Eppendorf, Westbury, NY, USA).
Sequence analysis and primer design
In order to design primer pairs, the chloroplast matK DNA sequences of four nut species, including almond, peanut, pine nut, and walnut, were downloaded from the database of the National Center for Biotechnology Information (NCBI, https://www.ncbi.nlm.gov/). The lengths of matK (partial or complete) in almond (accession number AF288115), peanut (EU307349), pine nut (AB161009), and walnut (KC920677) were 1521, 635, 1661, and 726 bp, respectively. The partial or complete sequence was aligned using ClustalW2 program (ftp://ebi.ac.uk/pub/software/ clustalw2/) to compare differences among the matK gene of the four species. Thereafter, species-specific primers were designed based on the SNP and InDels, and they were synthesized using a commercial service (Macrogen, Seoul, Korea). , and 10 pmol each primer in a final volume of 25 lL. All qRT-PCRs were carried out in triplicate. The amplification condition was as follows: 10 min at 95°C, followed by 40 cycles of 10 s at 95°C, 30 s at 54-56°C, and 20 s at 72°C. The amplification program was then followed by a melting cycle of 95°C for 10 s, 65°C for 5 s, and slow heating to 95°C for 0 s, with a temperature increment of 0.5°C every 5 s.
Construction of the standard curve and data analysis
In order to evaluate the linear correlations of the four nut species studied (almond, peanut, pine nut, and walnut), dilution series of DNA (0.001, 0.05, 0.01, 0.5, 0.1, 1, 5, and 10 ng) of each species was used. In order to estimate the presence of target species in commercial products, standard curves were constructed using binary mixtures of heat treatment (121°C and 152 kPa for 15 min) and non-heat treatment containing different ratios (0.1, 1, 10, and 100%).
Correlation coefficient (R 2 ) using the liner regression method (R 2 C 0.98) [26] and the slope of standard curve (range from -3.6 to -3.1) [27] were used as parameters for evaluating the efficiency of the primers. The amplification efficiency, E, was determined from the slope of the standard curve using the following formula [28] : E = 10 -1/ slope and E (%) = (E -1) 9 100. The coefficient of variation is presented as a percentage and was calculated from the average and standard deviation as follows: [Standard Deviation (SD)/Average] 9 100.
Results and discussion

Development of chloroplast DNA markers for nut
We had aimed at developing molecular markers that can detect four nut species almond, peanut, pine nut, and walnut. In previous studies, the matK gene was widely used for phylogenetic and evolutionary analysis due to its diversity among species [29] [30] [31] . We analyzed the nucleotide sequence alignments and confirmed the presence of nucleotide polymorphisms in the matK gene among the four species studied (Fig. 1A) . Based on the SNP and InDels, the primer sets were designed to amplify the DNA of the target species in the matK gene. Each of the arrows in Fig. 1A represents the primer positions of the target species (red-almond; blue-pine nut; green-walnut; yellow-peanut), and four pairs of primers corresponding to the nucleotide sequences were designed for qRT-PCR analysis (Table 2 ). In addition, to evaluate the specificity of PCR amplification, the species-specific primer sets were used for amplification in end-point PCR (30 cycles) and the products were visualized by agarose gel electrophoresis (Fig. 1C) . The PCR products amplified were of the desired size in the genomic DNA of almond (115 bp), peanut (75 bp), pine nut (97 bp), and walnut (165 bp) (Fig. 1B) . In addition, we analyzed the melting peaks of the amplification products, which revealed differences between the target and non-target species. Amplification using the species-specific primer sets resulted in sharp peaks for the target species but not for the non-target species (Fig. 2) . These results indicated that each primer set was amplified only in the target species, and that no cross-amplification occurred in the non-target species. These findings suggest that species-specific primer sets could be used to distinguish between four different plant species.
Evaluation of amplification efficiency of four markers using SYBR green
In order to evaluate the sensitivity and efficiency of the developed primers, we prepared standard curves using the DNA dilution series and performed regression analysis. Total genomic DNA was extracted from leaves of each target species and used for qRT-PCR analysis. The correlation coefficient (R 2 ) was higher than 0.98 for all primer sets, and slope was -3.48 for almond, -3.66 for peanut, -3.77 for pine nut, and -3.58 for walnut, respectively (Fig. 3) . Based on the slope, the efficiency was calculated as 93.94% for almond, 87.59% for peanut, 84.20% for pine nut, and 90.40% for walnut, respectively (Fig. 3) . However, as compared with the target species, the non-target species were amplified with a C p value higher than 30 ( Fig. 3) . We also sequenced the qRT-PCR products to confirm that the target genes were amplified accurately. Sequence analysis using the ClustalW2 program showed that the sequenced qRT-PCR product and the reference sequence were perfectly matched (Fig. 4) . These results indicate that all four primer sets (almond, peanut, pine nut, and walnut) could be used to identify species under appropriate amplification conditions using more than 1 pg of DNA and a C p value of less than 30. The species-specific primer sets, designed according to the MIQR guidelines [28] , had an appropriate R 2 value (C 0.98) and slope (3.6-3.1). The validity of using these primers was confirmed through the construction of a standard curve. Lastly, sequencing the PCR products confirmed that the target gene was amplified from the desired target species.
Because heat treatment is essential for food processing, the primer sets were first tested on heat-treated or non-heattreated samples before application to commercial products. Samples for heat/non-heat treatment were prepared as a binary mixture containing a different percentage of wheat flour and ground nut material (0.1, 1, 10, and 100%). The heat treatment of de-shelled nut was carried out using an autoclave with treatment condition 121°C and 152 kPa for 15 min. Total genomic DNA was extracted from samples subjected to heat treatment/non-heat treatment using a modified CTAB method, and qRT-PCR analysis was performed. In the non-heat treatment, the samples had an R value higher than 0.97 for all primer sets, and slope value was -3.87 for almond, -3.76 for peanut, -3.84 for pine nut, and -3.91 for walnut, respectively (Fig. 5A) . The calculated efficiency based on the slope was 93.91% for almond, 110.52% for peanut, 88.80% for pine nut, and 89.47% for walnut, respectively (Fig. 5A) . The heat-treated samples had an R 2 value higher than 0.99 for all primer sets, and the slope was -3.48 for almond, -3.09 for peanut, -3.62 for pine nut, and -3.60 for walnut, respectively (Fig. 5B) . The calculated efficiency based on the slope was 81.39% for almond, 84.41% for peanut, 82.08% for pine nut, and 80.31% for walnut, respectively (Fig. 5B) . These results suggested that the developed species-specific primer sets for almond, peanut, pine nut, and walnut could detect up to 0.1% in heat-treated or non-heattreated DNA in a binary mixture.
Application of developed cpDNA markers to commercial food products
To verify the applicability of the four species-specific primer sets developed, 14 commercial products we purchased from local markets and examined. This confirmation procedure is essential to protect allergy-sensitive consumers from intentional or unintentional mixing of nuts, because nuts can contain allergenic ingredients. Fourteen commercial products for qRT-PCR analysis included four simple processing products (powders), eight nut bars, and two teas. The accurate detection of allergens in simple processed foods (tea and powder) as well as foods that have undergone complex processing steps (chocolate and nut bars) depends on reliable DNA extraction prior to qRT-PCR analysis. In general, it is difficult to extract high-quality DNA (high concentration and purity) from nuts with a high-fat content using commercial kits and general CTAB methods (Fig. 6A) . However, using the modified CTAB method described by Valdivia and Burns [25] , we were able to effectively increase the DNA Fig. 2 Melting curve analysis and difference curves of the matK genes amplicons from the four primer sets. Almond-specific primer (A), peanut-specific primer (B), pine nut-specific primer (C), and walnut-specific primer (D). Lanes 1 diluted almond DNA; Lanes 2 diluted peanut DNA; Lanes 3 diluted pine nut DNA; Lanes 4 diluted walnut DNA. qRT-PCRs were carried out in triplicate PCR reactions. All non-target species amplified with C p value higher than 30 and constructed non-specific melting peaks extraction efficiency (Fig. 6B) . The DNA extracted from the 14 commercial food products using the modified CTAB method was then analyzed by qRT-PCR using the four species-specific primer sets. The presence of the extracted DNA was confirmed by amplifying the 18S rRNA gene as a positive control (Table 3 ) [32] . We carried out qRT-PCR analysis on different types of commercial products using species-specific primer pairs to detect the presence of almonds, peanuts, pine nuts, and walnuts in the products and compared the detection results with the ingredients indicated on the labels of the 14 commercial food products. The analysis successfully detected almonds in 10 out of 10 samples, peanuts in 9 out of 10 samples, pine nuts in 1 out of 2 samples, and walnuts in 5 out of 5 samples (Table 3) . However, even though food sample N (walnuts, almonds, and adlay tea) was labeled as containing almonds, peanuts, pine nuts, and walnuts, pine nuts were not detected. Our results for most commercial products, except food sample N, were consistent with the indicated ingredients, suggesting that the primer sets could be used to detect processed nuts containing allergens in commercial foods. However, some food samples showed inconsistencies between a major (or minor) ingredient labeling and the analysis results. These inconsistencies may result because of DNA damage during food processing or mislabeled food samples.
In previous studies, various approaches were used to detect nuts such as ELISA and PCR-based methods. The ELISA method was used to detect Brazil nut in food products [33] and widely used in various diagnostic tests and plant pathology [34, 35] . The PCR-based methods have been used as the most common method for identifying target species in commercial products. For example, Yano et al. [36] reported the detection of walnut using a single PCR method, and Renčová et al. [37] reported peanut and hazelnut detection using a multiplex PCR method. However, the results of these methods depend on the composition of the buffer or the antigen, and performing them requires expert skill, and because previously developed methods have not been evaluated for sensitivity, specificity, and efficiency, their application in target species identification in commercial products can be difficult. For example, Linacero et al. [14] reported detection of walnut allergen-coding sequences in processed foods based on qRT-PCR using SYBR green. Iniesto et al. [37] reported primer sets for the detection of allergen-coding sequences (Table 1) ; CTAB (A) and modified CTAB (B) methods. M; 1 kb Plus DNA ladder marker (Invitrogen), Lanes A-N; total genomic DNA from 14 commercial products in hazelnut, and Prieto et al. [38] reported that the primer sets for detecting allergen-coding sequences in almond. In the present study, we demonstrated the specificity and sensitivity of four primer sets for detection of four nuts species such as almond, peanut pine nut, and walnut and confirmed their applicability in commercial products, which suggested that the four species-specific primer sets could be successfully applied in various types of foods.
In conclusion, we designed primers for molecular markers in chloroplast DNA, specifically for SNPs and InDels in the matK gene, for the detection of four nut species in commercial products by qRT-PCR. The validity of using the four designed primer sets was verified by qRT-PCR using SYBR green. The accuracy, sensitivity, and specificity of the method were successfully tested in 14 processed foods. This molecular marker-based method of identification had higher sensitivity and specificity as well as a shorter analysis time compared to other PCR-based methods, including single PCR and multiplex PCR methods. This method can be used to detect the presence of allergenic species (almonds, peanuts, pine nuts, and walnuts) that were intentionally or unintentionally added to food, thereby aiding in preventing allergic reactions in consumers. 
